Introduction
Multiple sclerosis (MS) is an inflammatory-mediated chronic neurodegenerative disease characterized by a range of symptoms including fatigue, impaired motor skills, blurred vision, bladder and bowel dysfunction, and cognitive impairment. 1 More than 2.3 million people are affected by MS worldwide. 1 The economic and humanistic burden of this chronic disease is substantial, particularly because patients with MS are affected at a young age, resulting in a greater loss of productivity and quality of life 
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Munsell et al compared with other diseases. 2 Although there is no cure for MS, effective strategies are available to treat exacerbations (relapses), modify the disease course, manage symptoms, and improve function. 3 Along with the other essential components of comprehensive MS care, these treatments may help people manage their MS and enhance their comfort and quality of life. 4 Disease-modifying drugs (DMDs) have been shown to be efficacious in reducing relapse frequency in MS; however, many patients experience barriers to DMD treatment adherence. Published rates of adherence to DMDs range from 28% to 88%. [5] [6] [7] [8] Patients who are adherent to DMDs have been shown to have a decreased risk of relapse, fewer emergency room visits, fewer severe relapses, fewer hospitalizations, fewer neuropsychological issues, lower costs, and increased quality of life, compared with nonadherent patients. [9] [10] [11] [12] Adherence to therapy is rooted in a wealth of softer, often intangible, motivations that complicate its understanding and hinder its quantification. 13 MS-specific disease characteristics that may be related to adherence are believed to include long periods of disease remission, lack of disease predictability, inadequate knowledge of the disease or its treatments, fear of needles, side effects of therapies, cognitive impairment, and low self-efficacy. [14] [15] [16] In order to effectively treat patients with MS, it is important to understand the various factors that are associated with adherence to DMDs. An understanding of the predictive value of the factors associated with adherence in MS could contribute positively to the overall planning of MS disease management programs and improved patient outcomes. Many studies of varying design and methodology have evaluated factors associated with DMD adherence in MS. 5, 9, Factors that have been shown to be associated with a statistically significant improvement in adherence to DMD treatment include older age, male sex, greater patient self-efficacy, reduced depression and anxiety, a positive relationship with the provider, less disability, and shorter duration of illness.
Self-injectable DMDs have historically been the most commonly used DMDs. In recent years, newer DMDs, including oral and infusion formulations, have been approved for the treatment of MS. To our knowledge, no existing studies in the published literature have examined the impact of route of administration on adherence to DMD therapy in MS. However, three studies comparing adherence of self-injectable versus oral DMDs have been presented at scientific conferences. [48] [49] [50] The first study compared adherence and persistence across various dosing frequencies and routes of administration among patients with MS treated with DMDs. 50 The authors found that adherence to oral daily, oral twice daily, subcutaneous (SC) three times weekly, and intramuscular weekly regimens was significantly higher than adherence to SC every other day or SC daily regimen. The second study sought to determine if adherence and tolerability of oral DMDs was better than other DMD treatments in an MS center population. 48 A statistically significantly higher proportion of patients receiving self-injectable or intravenous DMDs reported not missing any doses compared with patients receiving oral DMDs. Fifty-five percent of patients receiving oral DMDs (n=89) reported no missed doses, 70.8% of patients taking SC or intramuscular DMDs (n=90) reported not missing any doses, and 93.3% of patients taking intravenous DMDs (n=30) reported no missed doses. The third study presented is the one described in this article. 49 The objective of this study was to compare adherence to DMDs between patients with MS newly initiating treatment with a self-injectable DMD versus an oral DMD using a large US administrative claims dataset.
Methods

Data source
This was a retrospective database study conducted using IMS Health Real World Data Adjudicated Claims -US data between July 1, 2010 and June 30, 2014. The IMS Real World Data Adjudicated Claims -US Database comprises commercial health plan information from managed care plans throughout the US, with adjudicated claims from more than 150 million unique enrollees since 2006. This anonymous, patient-centric, national managed care database includes all medical and pharmacy claims data for study patients, as well as demographic variables (age, sex, region of the US), eligibility by month, and the adjudicated payment for services. Ethics approval from an Institutional Review Board and informed consent were not required for this research database as per US Department of Health and Human Services Exemption 4 (E4). The research involved the study of existing data, and patients could not be identified directly or through identifiers linked to the subjects.
Patient population
Eligibility criteria consisted of patients aged 18- 
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Adherence to self-injectables versus orals in multiple sclerosis 12 months after the index date (ie, eligible to receive health care benefits during the 24-month time period over which they were evaluated). As the goal was to examine patients new to therapy, any patient with a DMD 12 months prior to the index date was excluded.
Patients were divided into two treatment cohorts based on the index DMD route of administration: the self-injectable DMD cohort and the oral DMD cohort. Self-injectable and oral DMDs included in the study are listed in Table 1. DMD adherence, discontinuation, and switching Primary measure: DMD adherence "Adherence to medications" is the process by which patients take their medication as prescribed and is further divided into three quantifiable phases: "initiation", "implementation", and "discontinuation". 51 Adherence was evaluated during the 12-month follow-up period using the medication possession ratio (ie, annual MPR), and results were stratified by the route of administration (ie, self-injectable or oral). The annual MPR was calculated by totaling the number of days supply between the first prescription claim and the last prescription claim issued during the 12-month follow-up period (ie, the numerator) and dividing by the total number of days in the 12-month follow-up period (ie, the denominator).
The calculation was restricted to ambulatory days (ie, days when the patient was not in the hospital). Adherence to the index DMD was defined as an MPR $0.8.
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secondary measures: DMD discontinuation and switching DMD discontinuation and switching were also evaluated during the 12-month follow-up period as follows:
-Discontinuation was defined as the absence of the index DMD for a 90-day period during follow-up, without evidence of another DMD during that time. -Switching was defined as the presence of any other (nonindex) DMD during a 90-day period without the index DMD during follow-up. 
Descriptive/univariate analyses
Multivariable analysis
Logistic regression was used to evaluate the likelihood of adherence (MPR $0.8) to the index DMD type (selfinjectable or oral). Covariates included patient baseline characteristics (eg, age, sex, comorbidities) and index DMD type. Analyses were conducted using R version 3.2.1 software (The R Foundation, Vienna, Austria).
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Results
Patient selection
A total of 7,207 patients with MS newly initiating a selfinjectable DMD and 1,175 patients with MS newly initiating an oral DMD met the eligibility criteria ( Figure 1 ).
Baseline characteristics
Patient baseline characteristics for both index DMD cohorts, including age ranges, CCI score, and select common MS comorbidities, are shown in Table 2 .
Patients in the self-injectable DMD cohort were younger compared with those in the oral DMD cohort (43.0 vs 44.9 years; P,0.0001). Mean CCI score was higher among 
DMD adherence, discontinuation, and switching
In unadjusted analyses, mean MPR was higher in the selfinjectable DMD cohort versus the oral DMD cohort (0.69 vs 0.68, respectively; P=0.0002) ( Table 3 ), while the proportion of patients adherent to therapy (MPR $0.8) did not differ significantly between the cohorts (54.1% vs 53.0%, respectively; P=0.5075) ( Table 3) . No significant differences between the self-injectable and oral DMD cohorts were observed in the proportion of patients discontinuing (26.6% vs 28.2%, respectively; P=0.2710), the time to discontinuation (mean number of days: 118.0 vs 113.7, respectively; P=0.1341), or the time to switch (mean number of days: 163.1 vs 153.1, respectively; P=0.2519). A higher proportion of patients in the self-injectable DMD cohort switched to another DMD compared with the oral DMD cohort (9.9% vs 6.6%, respectively; P=0.0003). In both cohorts, the majority of patients who switched to another DMD switched to a self-injectable therapy (Table 3) . 
Discussion
As the MS DMD treatment options have expanded to include oral therapies, it is important to understand whether the route of administration is associated with treatment adherence. In addition to the traditional factors of clinical efficacy, safety, and costs, differences in patient adherence to therapies in MS may be important in formulary decision making. 8 This study evaluated the impact of route of administration of DMD on patient adherence, and compared adherence between patients with MS newly initiating a self-injectable DMD versus an oral DMD.
The study findings showed that, in unadjusted analyses, the mean MPR was statistically significantly higher in the self-injectable DMD cohort compared with the oral DMD cohort; however, the proportion of patients adherent to therapy was similar between the two cohorts. A statistically significantly higher proportion of patients in the self-injectable DMD cohort switched therapies. There was no statistically significant difference in discontinuation rates between the self-injectable and the oral DMD cohorts.
In analyses adjusted for patient baseline characteristics (eg, age, sex, comorbidities) and index DMD type, the latter was not a significant predictor of DMD adherence, thus indicating that treatment adherence in patients with MS is complex and may not be exclusively influenced by the route of administration. Male sex and age older than 18-34 years were significantly associated with a higher likelihood of adherence, whereas depression at baseline was associated with a lower likelihood of adherence. These results are consistent with previously published studies which showed that male sex, older age, and less depression were associated with improved adherence. 5, 9, The adjusted analyses highlight the importance of consideration of covariates in nonrandomized analyses.
The finding that a statistically significantly higher proportion of patients in the self-injectable DMD cohort switched therapies could be due to the availability of oral DMDs. A recently published prospective, observational substudy of the MSBase registry by Warrender-Sparkes et al showed that, following the introduction of fingolimod, patients were more likely to discontinue treatments (hazard ratio 1.64, P,0.001) and switch to fingolimod (42.3% of switches). 47 It is important to note that the definition of discontinuation in the study by Warrender-Sparkes et al included patients who switched to another therapy, whereas the current study defined discontinuation as stopping therapy and not switching to another therapy. 47 There was no statistically significant difference in discontinuation rates between the self-injectable and the oral DMD cohorts in our study. Multivariable analyses would be helpful to explore these findings.
Lack of medication adherence remains a challenge among patients with MS. Maximizing adherence to MS therapies to improve a patient's ability to gain the full benefit from their treatment is an important therapeutic goal. Improvements in adherence have the potential to reduce patient and payer burden in terms of improved clinical outcomes and lower nonpharmacy medical resource utilization. 8 It is important for the health care providers to identify and implement the strategies to overcome and monitor barriers to adherence in MS. These may include improved patient education and support programs, particularly those related to better informing patients about treatment benefits. 
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As the disease course of MS is unpredictable, and the patient's attitudes and behavior patterns can change, encouraging adherence is a complex issue. 55 A patient's support team needs to be aware of the potential factors affecting adherence and be sensitive to the patient's needs in order to support the patient with the goal of establishing and maintaining adherence. 56 Interestingly, Lorefice et al found that caregivers believed that patients were more involved in choosing their therapy than the patients themselves did. 57 The importance of adherence with DMDs should be discussed as part of patient-centered medical care and shared decision making. Health information technology and comparative effectiveness research, two major components of health reform, have the potential to play important roles in promoting adherence to medications and expanding research on adherence interventions. 58 Limitations of this study should be considered when interpreting the study findings. The data were obtained for claims processing and payment, and not for research purposes. 59 Claims data are subject to possible coding errors and undercoding. 59 Services may not be captured in the claims database because the particular service is not covered by the plan sponsor or the service is "carved out" and not captured in the dataset (eg, mental health). 59 Data fields that are not required for reimbursement may be particularly unreliable. 59 When using prescription claims data, a number of different medication adherence measures can be examined, including length of therapy, persistence, days covered, gaps, and MPRs. The MPR is one of the most widely used measures of adherence using retrospective data. 52 The advantage of using the MPR as a measure of adherence is it provides a comprehensive estimate of the proportion of time that a patient had medication available during the observation period. However, the use of the MPR to evaluate adherence has been criticized by some researchers because it may overestimate the true rate of medication adherence. 52 The overestimation is most likely to occur when the patient receives early refills of the target medications, which may result in an "extra fill" during a defined measurement interval. 52 Also, since the MPR is being calculated for a class of medications (ie, DMDs), a switch between DMDs during the interval, with an overlap of the new drug with the prior drug, will inflate the MPR. 52 Annual MPR was utilized instead of a variable MPR (eg, denominator ending at the last treated day), which may impact results by underestimating adherence in either cohort. Although the analysis aimed to identify patients new to DMD therapy by requiring no DMD claim during the 12-month baseline period, it is possible that patients could have been treated with DMDs prior to baseline and discontinued for that period. Additionally, patients in the sample were not necessarily newly diagnosed patients with MS.
Adherence measures based on administrative prescription data can only capture medication availability. There are challenges associated with how to account for patients who change health plans or who are no longer in the database. Also, adjustment for baseline differences between treatment cohorts cannot ensure all confounders are accounted for. Our ability to control for differences in the treatment groups was limited to the variables available in the database. Finally, there is a lack of generalizability of data, given the inherent characteristics of claims databases and the use of an individual cohort. The patients included in the database received treatment in all regions of the US. However, care should be exercised when extrapolating these findings to other health care settings.
Conclusion
This real-world study of patients with MS demonstrated that after controlling for covariates, route of administration for DMD treatments (ie, self-injectable DMD or oral DMD) was not a significant predictor of adherence. Male sex and age older than 18-34 years were significantly associated with a higher likelihood of adherence, and depression at baseline was associated with a lower likelihood of adherence.
